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DRIVING DRIFT PINS BY A COMPRESSED AIR DEVICE. Woop BORING MACHINE IN THE DISTANCE. 
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LIDGERWOOD MWP'G CO. 


2 Boston. edie 
Philadelphia. 96 Liberty Street, Portland, Ore. 


: 
; Cleveland, O. New York. New Orleans. 
i STANDARD 


é Cableways, } 
High-Speed 





For Canal and — Excavating, Dam Construction, Wall and Pier Building, Mining, 
wr ee and General Contract Work. 
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NON-CARBONIZING OIL_-~> 


FOR USE IN AIR CYLINDERS OF 
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Also All Grades of Lubricants for use on Machinery 
Propelled by Compressed Air. 
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OFFICE AND SALESROOM, No. 59 WATER STREET, 
“fivenoeime.” NEW YORK, U. S. A. 
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Established 1831. Annual Capacity 1,000, 
BALDWIN LOCOMOTIVE WORKS, 
Single Expansion and Compound Compressed Air Locomotives, 
ae Adapted to every variety 
of service, and built ac- 
curately to gauges and 
templates after standard 
designs. 
Like parts of different 
: : enginesof sameclass per- 
> = = == ; a ti" “ery, fectly interchangeable. 
BURNHAM, WILLIAMS & CO., 
PHILADELPHIA, PA., U. S. A. 
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Compressed Air Mine Haulage. 


Safe from fire, handier, more reliable and more economical in installation 
and operation than other systems; adopted by representative anthracite and 
bituminous collieries after exhaustive examination. On dona fide request of 
mine owner or superintendents, or other prospective buyer, we will mail free our 
Sth Edition, 216 page catalogue, of steam, electric and pneumatic locomotives. 
To accommodate correspondents not in the market for locomotives, a copy will 
be mailed on receipt of 50 cents in stamps. 

Address mentioning ‘‘CoMPRESSED AIR.”’ 


H. K. PORTER & CO., 540 Wood St. Pittsburgh, Pa. 
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BOSTON. NEW YORK. PITTSBURG. CHICAGO. ST. LOUIS. 


‘National Tube Works Company, 


MANUFACTURERS OF 
Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
Special Light Lap-Welded Pipe, fitted with the Converse 
Patent Lock Joint for Water and Gas Mains. 


Cylinders with Dished or Flat Heads for Carbonic Acid 
and other Gases. 


NEW YORK OFFICE, HAVEMEYER BUILDING. 
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™ PULSOMETER ‘fit 


“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 





The Handiest, Simplest s and Most E ficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. ~ Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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: © B. BF. ‘Goodrich Company. 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 141 Lake Street. 35 New Montgomery Street. 


Rubber Goods_._ 


OF FINE QUALITY, 
HOSE FOR ALL PURPOSES. *&x 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 

Mining Machines, Pneumatic Riveters, etc. CATALOGUE..% 
STEAM HOSE, Etc. 

2 Belting, baste of all kinds, ares G smote) Rings, Packing, etc., etc. 
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Do You Roast Your Ores ?: 


YOU CAN SAVE 
Fuel, Cost of Repairs and Labor 


BY USING - 


The Ropp Straight Line Furnace. 
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FOR SALE BY 


PARKE & LACY CO., 


21 & 23 FREMONT STREET,~ - SAN FRANCISCO, CAL. 
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‘ Sole Licensees. Catalogue upon Application. ] 
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Luricatig EDUCATION 


fil Thousands have been helped to better 
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Used for lubricating { 
Air and Steam Cylin- 
ders, and Main Bear- 


: purpose ata cost of * 
$225,000. 


ings of shaftson large & Courses of Steam, Electrical, Mechanical or 
Hoisting Engines. pre- Civil Engineering; Chemistry; Mining; Me- 
wishs Shem Mrom-eet- ; chanical and Architectural Drawing; Survey- 
ini get- % ing; Plumbing; Architecture; Metal Pattern- 
ting hot. When engine Drafting ; Prospecting; Bookkeeping; Short- 
stops, cup stops feed- ‘ hand; English Branches, 


iow. pays for a College Edu- 
$2 a Month sien sszone 08 
McCANNA BROS., Circular Free. State subject you wish to study. 


67 We ts St., § The International Correspondence Schools, 
CHICAGO, ILL. Box 1132 SCRANTON, PA. 
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| THE MERRILL PUMP 


FOR PUMPING LIQUIDS BY____—> 


COMPRESSED AIR. 


A Successful and Satisfactory Direct 
Displacement Pneumatic Pump. 









zs a 
Can be Operated by any make of 
| AIR COMPRESSOR. 


=ea 
ANY MECHANIC CAN INSTALL THEM. 


“MERRILL _ PNEUMATIC PUPP CO., 
ae ete: § NEW YORK. 
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J. D. MILLER & CO., 


Taylor Building, 39 & 41 Cortlandt St., N. Y. 


se se 


COMPLETE POWER PLANTS : 


FOR ALL PURPOSES ___ocsum, 





Engines, Boilers, Machinery, 
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Mining and Milling Equipments. § 
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CATALOGUE 


SS FOSTER ENGINEERING CO., 


M:r’rs of VALVES FoR REDUCING AIR, 
STEAM, WATER ano GAS PRESSURES. NEWARK, N. J. 
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PNEUMATIC APPLIANCES. 


DRILLS, REAMERS, TAPPERS, 

RIVETERS, CAULKERS, CHIPPERS, 

HOISTS, MOTORS, COMPRESSORS, 
STAY BOLT CUTTERS, SAND SIFTERS, ETC. 


SEND FOR NEW CATALOGUE JUST ISSUED. 


C. H. HAESELER CO., 
Cor. 12th and HAMILTON STREET,+- - PHILADELPHIA, PA. 
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CAMERON STEAM PUMPs. 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 













ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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¥ An Important Connecting Linkin Compressed Air Service. 


Moran Flexible Joint 


For high pressure, indispensable. 

Tightness, safety, flexibility and durability 
assured. 

Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 
“LOUISVILLE, ; ; , ; 
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ESTABLISHED 1858. 


“ Our Name and Brand a Guarantee of Quality.” 


High Grade Rubber Goods. 


CHANNELING SPRINGS, 


BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 





LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 


MAIN OFFICE AND WORKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFFIce: 10 BARcLAy St., NEw YorK. 

















Compressed Air. 


A MONTHLY PUBLICATION DEVOTED TO THE USE- 
FUL APPLICATION OF COMPRESSED AIR. 


W. L. SAUNDERS, - Editor and Proprietor 
A. E. KENNEY, - - - - Managing Editor 
J. E. QUINTERO, - - - - - Treasurer 

Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, to cents. 





Advertising rates furnished on application. 

We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air. 

Allcommunications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 

London Office, 92 & 93 Fleet Street. 

Those who fail to receive papers promptly will 
please notify us at once. 

Entered as Second-Class Matter at the New York 
N. Y., Post Office. 
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Facts in regard to Air Power and Auto-Truck 
Companies. 

During the past two weeks a great deal 
of publicity has been given to the various 
companies which have been organized by 
persons directly interested in Hoadley- 
Knight Compressed Air appliances. Messrs. 
Hoadley-Knight have patented Motors for 
operating Street Cars, Carriages, and 
Trucks. 

In the early part of last year The Ameri- 
can Air Power Company was formed by 
the combination of the Hoadley-Knight and 
Hardie Companies. Capital $7,000,000. 
Its president is Mr. A. A. McLeod, 
formerly President of the Reading Railway, 
William L. Elkins, 
Thomas Dolan, Thomas Ryan, Joseph H. 
Hoadley, and A. A. McLeod. 


with the Metropolitan 


and its directors are 


Its relations 
Street Railway 
Company are very close. 

Arrangements have been made by the 
American Air Power Co. with the Met- 
ropolitan Street Railway Company allowing 
the equipment of the 28th and 2gth Sts. 
crosstown lines in New York with cars hav- 
ing improved air motors. The work of in- 
stalling the plant at 24th St. and 13th Ave. 


for that purpose is now progressing rapidly. 
The Air Compressor and twenty cars are 
nearly completed. 

Messrs. Hoadley-Knight are also inter- 
ested in what is known as the Auto-Truck. 
Imbued with the idea that this Truck 
answers all the requirements of Automobile 
traction, another company has been formed 
for the purpose of devoloping the Auto- 
Truck. The Hoadley-Knight Truck was 
fully described in the December, 1898, num- 
ber of “ Compressed Air,” showing a truck 
as constructed, and used in the works of the 
Am. Wheelock 
Mass. 


Engine Co., Worcester, 


The Company known as the New York 
Auto-Truck Company was organized under 
the laws of New Jersey and capitalized at 
$10,000,000. Its incorporators are Richard 
Croker, Nathan Straus, Lewis Nixon, 
Robert I. McKinstry, Senator Arthur P. 
Gorman, Joseph H. Hoadley. 

Still another Company has been recently 
organized under the auspices of Messrs. 
Joseph H. Hoadley, William E. Knight, 
Harry E. Knight, Robert I. McKinstry and 
Edwin F. Glenn, known as the Internat- 
ional Air Power Co., with capital stock 
$7,000,000. The purpose of this Company 
is to operate in. foreign countries under 
patents similar to those assigned to the 
American Air Power Company and _ the 
New York Auto-Truck Company, the 
Hoadley-Knight foreign patents on pneu- 
matic traction not having been assigned to 
the American Air Power Co. The daily 
papers of New York and elsewhere have 
given wide circulation to the plans of the 
movers in these compressed air enterprises, 
and the impetus thus created has provoked 
numberless inquiries as to the feasibility of 
the published claims. 

All that can be said at this writing is that 
the avidity of the newspapers is responsible 
for many of the assertions that lack the 
stability necessary to useful results; at the 
same time the publicity has produced a 
healthy consideration of compressed air, 
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Economies in the use of Compressed Air. 





An Inlet Cooler which Saved Five Per 
Cent. — Suggestions Regarding the 
Suction Valve Chamber — Staging 
and Intercooling, and How the Lat- 
ter Might Be Improved. 





ADVANTAGES OF COMPRESSED AIR 
OVER OTHER SOURCES OF POWER 
IN DEEP MINING—GREAT DE- 
VELOPMENTS PREDICTED. 





By R. P. Whitelaw.* 


It seems strange that although com- 
pressed air has been used chiefly in mines 
ior hoisting, pumping, coal cutting, and 
various devices for the last 50 years, lit- 
tle or nothing has been done towards 
making it an economical method— 
whether on account of the difficulties 
which have presented themselves in the 
form of heat or cold, or a general indif- 
ference to its use, I am not in a position 
to say—but I am inclined to think it is 
the latter, as our greatest engineers and 
experimenters have lived during that 
period; and had they devoted the same 
attention to this subject as they have 
given to steam and electricity, com- 
pressed air would stand on a much higher 
level than it does to-day, and there would 
be but little use for electricity. 

In about the year 1849 an air compress- 
or plant was installed in Glasgow for 
driving an underground air hoist; the 
compressor, I might say, was a fast run- 
ning one, and but little attention was 
given to cooling devices, and the result 
was that it had not run many hours be- 
fore the cylinders and pipes close to the 
compressor were red hot; in fact, the en- 
gineer thought they would melt, and then 
the report came up from below that the 
engine had frozen up; this was thought to 
be a great phenomenon, and was talked 
about all over the country. The freezing 
was caused by over-expansion, and yet 
the difficulty was got over without chang- 
ing the ratio—by injecting a spray of 
water into the compressor cylinder the 
temperature was reduced to such an ex- 
tent that there was no difficulty in run- 


~* Paper read before the Mechanical En- 
gineers’ Association of South Africa. 


ning the compressor. The moisture thus 
injected was then carried over to the hoist 
and prevented the freezing up of the ex- 
haust ports. Had the air been dry in 
the first instance (I might say there is no 
such thing as dry air) freezing up could 
not have taken place, and yet it was pre- 
vented by still adding more water to it. 
This may seem strange, yet it was so; 
for air with a high percentage of water 
has a much higher specific heat value than 
dry air, so that in the first place it is more 
difficult to heat, and in the second it is 
more difficult to cool. In round num- 
bers, dry air at 140 deg. F. initial temper- 
ature, with a ratio expansion of 2, is re- 
duced to 32 deg. F., whilst moist air with 
the same initial temperature is only re- 
duced to 32 deg. F. after four expansions. 
The same applies to the compression of 
air. Atmospheric air at 68 deg. F. initial 
temperature, when compressed to 100 lbs. 
pressure, rises, if dry, without cooling to 
490 deg. F., and if sufficiently moist to 
194 deg. F. only. 

The practice of injecting water into 
the compressor cylinder is being carried 
out to the present day in some of the 
Scotch collieries, and so long as it will 
run their engines they are satisfied, and 
the difficulty for them is ended; a few tons 
of coal per week is of no importance in 
their calculations; thus compressed air is, 
by Scotch coal owners and hy many 
other users, left to work out its own sal- 
vation. It is wasteful even to the extent 
of 50 to 60 per cent., and we only use it 
where we cannot use steam; that is how 
compressed air is abused, and I really 
think there are more abusers than users 
of it. 

When the air is compressed all the 
work which is done in the compression is 
converted into heat, and from this it 
would seem that as soon as all the heat 
has been got rid of the work done on the 
air is virtually thrown away, and the air 
will have not more energy than it had 
before compression if the temperature is 
not increased. It is quite true that it has 
no more energy than it had before com- 
pression, but the advantage lies in bring- 
ing it into a more available form. The 
heat of compression increases the volume, 
and it is, therefore, necessary to have a 
much larger compressor than if no heat 
was generated. The first cause of loss of 
work then is theoretically unavoidable. 
but then theory and practice are very dif- 
ferent things, more especially in air com- 
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pression—for instance, theory says that 
time plays no part in the heating of air 
during compression, whilst practice says 
the faster you run your compressor the 
higher the temperature will rise. That is 
quite true, but in the first instance the 
heat is lost by radiation, whilst in the sec- 
ond case we cannot lose it as it has not 
time to get away, and this is the’ task we 
have to set ourselves to—viz., to get rid 
of the heat during the compression, or, if 
possible, before compression. 

All makers of compressors in giving in- 
structions how to use these machines ad- 
vise taking the air from the cool or 
shaded side of the engine-room, so that 
the air will enter the compressor as cool 
as possible, and, therefore, it will occupy 
a smaller space and be so much cooler 
when compressed. You must bear in 
mind that every 5 deg. F. you reduce it 
in this way means I per cent. saving. Now 
the question arises, can this cooling be- 
fore entering the compressor be extended 
beyond taking the air from the cool side 
of the house? It can, and the following 
method I tried at the Pearl Central with 
a new Riedler air compressor that had 
the advantage of two inlets to the suction 
valve chambers, one opening to the 
engine-room and the other could be led 
under the floor. The latter was carried 
down about to ft., and then a drive was 
cut from there to a distance of about 40 
it., then a shaft was driven down to meet 
this. An old chimney was put down the 
shaft and on top of the chimney there 
was fixed a large spray about 3 ft. in 
diameter—very little water was used to 
keep a decent shower going all the time, 
and the water not only cooled the air, 
but washed away all the dust. The results 
got from this were more than I expected, 
as the air was cooled 15 deg. F., showing 
a saving of about 3 per cent., and the 
engine-room temperature was 10 deg. F. 
higher than the outside air, so that I have 
a right to claim 25 deg. F. of cooling, or 
effecting a saving of 5 per cent. over 
taking the air from the warm room. The 
result was excellent, as the cost of install- 
ing the cooler was very small. The inlet 
cooler could be still further improved 
upon by having a fan blast to blow along 
the tunnel. and if compressed air was 
used anywhere close by for driving a 
nump or a hammer it could also be ex- 
hausted into the tunnel; so you will see 
that it is possible to effect a further cool- 
ing of about 10 deg. F. to 12 deg. F. 
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Another point that ought to be at- 
tended to is the suction valve chamber. 
With some compressors nothing can be 
done, but in the present Reidler the ar- 
rangement is simply splendid for having a 
trickling cooler keeping the chamber 
cool, as working at present the suction 
chamber is nearly as hot as any part of 
the machine, and the result is that the air 
in passing takes up a considerable amount 
of the heat from the walls, and is ex- 
panded just on the point of entering the 
cylinder. The degree the air is heated at 
this point cannot be arrived at, but it is 
just possible that it is something like 20 
deg. F. If it were only possible to pre- 
vent 10 deg. F. of this amount it would 
mean that another 2 per cent. added to 
the 5 per cent. we arrived at previously 
would make in all a saving of 7 per cent., 
which is a large item where 500 or 
horse-power is being developed for 
making compressed air on a plant such 
as | have made mention of, or, in other 
words, on a 45-drill plant it would mean 
a saving in round numbers of £46 per 
month, 

Having done all we can for a single 
stage compressor, little else can be ac- 
complished unless by injecting a spray of 
water into the air while it is being com- 
pressed. To do this properly it would 
require an arrangement of tappet valves 
so as to give it the spray at the right mo- 
ment. If this arrangement was well car- 
ried out I believe most excellent results 
would be obtained. The entrained water 
would be liberated as soon as the tem- 
perature dropped sufficiently and could be 
then trapped with an ordinary steam trap. 

Jacket cooling is practically of no ser- 
vice except in assisting lubrication of the 
cylinder, so that little can be gained by 
jacketing the cylinder and heads and pis- 
ton, as only a thin layer of the air that 
comes in contact with the metal surfaces 
is cooled. 

We now come to the staging of the 
air. This has been the means of al- 
ready reducing the cost of compressed air 
by about 20 per cent. Now. what does 
staging do after all? Well, it simply draws 
away the heat from the air whilst it. is 
being compressed, and this we have al- 
ready decided is the great difficulty we 
have to overcome. Suppose, for instance, 
air is compressed by an indefinite num- 
ber of stages, and that each time the air 
is cooled to free air temperature, what 
do we attain? Very nearly isothermal 
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compression, and this is what we want to 
attain so that no loss will take place after 
the air has left the compressor. The 
gain is twofold: first, less power is de- 
veloped; and, secondly, the air is deliv- 
ered cold, and will, therefore, have no loss 
due to reduction in volume, which is the 
bugbear of compressed air as used at 
present. 

Air expands and contracts as its abso- 
lute temperature. For instance, we have 
two compressors, one a single stage and 
the other a double stage. The other is 
delivering air at 500 deg. F., and the lat- 
ter 200 deg. F., or say 961 deg. and 661 
deg. F. absolute. The relative efficiencies 
are as 961 deg. is to 661 deg., or the latter 
has an advantage over the former of 24 
per cent. So that I hope you will agree 
with me that staging and efficient inter- 
cooling are what is required to elevate 
compressed air to a first place for the 
transmission of power. 

Inter-cooling between stages, as carried 
out at present in many cases, is far from 
perfect. Inter-coolers are made after the 
same form as feedwater heaters or con- 
densers with a great number of tubes 
which are very liable to leakage. The 
tubes get coated with lime and other mat- 
ters, which considerably reduce their ef- 
ficiency. The best result that T know of 
is a reduction of temperature of from 200 
deg. F. to 140 deg. F.. while the air, to 
give full value. should be reduced to at 
least 72 deg. or free air temperature, 
I think a method could be adopted where- 
by the air could be reduced to free air 
temperature, and a really simple method. 
too. I find that air delivered from a sin- 
gle stage air compressor at a temperature 
of 470 deg. F. has been reduced to free 
air temperature before it has traveled 250 
ft. through the delivery pipe. This is one 
of the great drawbacks to the use of com- 
pressed air: it is.a decided disadvantage, 
but it might be taken advantage of for 
inter-cooling. What could be more sim- 
ple for an inter-cooler than 200 ft. of 
pipes, even if it were 20 or 30 per cent. 
larger than is actually required? It would 
be much cheaper in the first place than 
the ordinary inter-cooler, if it was well 
laid down in the first instance—there is 
no reason whv it should be looked at 
again, it would require no. circulating 
water. if it was made large enough there 
would be no loss due to friction—it is a 
natural process, whilst the other is arti- 
ficial. Any one of you can have a prac- 





tical demonstration of it by fixing a ther- 
mometer to the air main. The pipe should 
not be buried into the ground, as earth is 
a good non-conductor of heat, and would 
give back heat to the air. It should be 
exposed to the atmosphere, and placed 
where it would get a free current of air, 
and should not be exposed to the sun. 
The present inter-cooler, as I have al- 
ready mentioned, reduces the temperature 
to 140 deg. F., which I think is one of 
the best results that can be obtained, 
whilst the inter-cooler, already suggested, 
would reduce the temperature to say, at 
the very least, 70 deg. F., or a saving of 
14 per cent. over the present system of in- 
ter-cooling. The figures I have just given 
refer to second stage compression, where 
the air is first compressed to 25 lbs. pres- 
sure and from 25 lbs. direct to 8o Ibs. 
with a temperature of about 280 deg. F., 
from which temperature it is generally 
reduced to 70 deg. F., a drop of 210, 
showing a loss of exactly 28 per cent. 
from the time it leaves the compressor till 
the time it reaches the drills. The above 
figures work out as follows:—280 gives 
741 absolute, 70 gives 531, and 741 : 531 

100 : 71.6, showing a difference on the 
wrong side of 28.6 per cent.—which is the 
actual percentage of loss. This is where 
better inter-cooling would give the ad- 
vantage if the air was delivered at 70 deg. 
F. less, or 210 deg. F., the actual loss 
would only be 20 per cent. The remedies 
for this are three stage compression and 
reheating. 

First, let us take three stages, and say 
the second stage raises the pressure from 
25 lbs. to 60 Ibs., and the temperature to 
120 deg. F., and is again cooled down to 
free air temperature. It is well known 
that the temperature rises more rapidly in 
the early stages of compression than it 
does in the latter stages. For instance, 
from atmospheric temperature to 25 Ibs. 
gauge it is raised from 80 to 290 deg., or 
an increase of 212 deg. F., whilst from 25 
to 8o Ibs. it is raised from 135 to 276 deg., 
an increase of 141 deg. In the first case 
the pressure is only increased 25 Ibs., and 
in the second case the pressure is in- 
creased 55 lbs. This, I should say, speaks 
well for three stage air compression. The 
initial cost of such a compressor would 
certainly be much greater, but that would 
soon be made up in the increased econ 
omy. The temperature, as I have already 
pointed out. by compressing from 25 to 
60 deg. would be 120 deg. F. The air is 
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then cooled to free air temperature and 
is sent on its last journey to 8o lbs.; the 
temperature would then be increased to 
about 110 deg. F., and this would be its 
final temperature. It has then only a 
drop of 40 deg. F. until it reaches free 
air temperature. The loss sustained by 
this fall in the temperature would then 
only represent 7 per cent., against a loss 
of 28 per cent. with a two stage air com- 
pressor, showing a gain of 21 per cent. 
in favor of three stage air compression 
over two stages. 

The cost of such a machine would be 
much greater than a two stage com- 
pressor, so is a triple expansion engine a 
great deal more expensive than a com- 
pound, but still they are being extensive- 
ly used, and why? Because the economy 
in running soon makes up for any extra 
initial cost. The same argument applies 
to three stage air compression. 

I think it would be unfair of me to con- 
clude my paper without touching on re- 
heating, which is a very important factor 
in the use of compressed air. It is ar- 
gued by many prominent engineers that 
the reheating of air for use in rock drills 
is a very difficult matter. More difficult 
problems than this have presented them- 
selves to the engineering world and have 
been mastered, so also will the reheating 
of air for use in rock drills. Air at a 
low temperature has very little cooling 
effect upon water or other bodies it comes 
in contact with. The application of this, 
inversely applied, is of great advantage in 
the use of compressed air for the trans- 
mission of power, or, in other words, it 
requires but very little heat to raise the 
temperature rapidly; in fact, there is no 
other source of energy to which heat can 
be applied with the same economical re- 
sults. 

It is well known that after the trans- 
mission of compressed air to the point 
where it is to be employed a considerable 
saving of cost can be effected by reheat- 
ing immediately before using. It can be 
easily shown that where air has been com- 
pressed to a certain pressure, and has by 
transmission to any reasonable distance 
been reduced to its normal temperature, 
if the air is reheated and expanded the 
extra volume resulting from the expan- 
sion is produced by an expenditure of 
heat much less than the original vol- 
ume was produced for. Let us assume, 
then, for the sake of easy computation, 
that air is being compressed to 75 lbs. by 


steam at the same pressure, and that 2 
cubic feet of steam are required for the 
production of 1 cubic foot of air, the 
weight of 1 cubic foot of steam at 75 lbs. 
is .208 lbs., and the tétal units of heat in 
1 lb. of steam at 75 lbs. are 1151, therefore, 
the total units of heat in 1 cubic foot of 
steam are, in round numbers, 239. To 
produce 1 cubic foot of air at 75 lbs. will 
be required 239x2 B.T.U., or 478 B.T.U. 
As air at constant pressure expands or 
contracts at its absolute temperature, it 
is easy to show the quantity of heat re- 
auired to double the volume of air at 
any temperature. We will again assume 
that we have got 1 cubic foot of air at 75 
Ibs. pressure and at 60 deg. F., or an ab- 
solute temperature of 521 deg. To double 
the volume we require to double the abso- 
lute temperature or, 521x21042, deducting 
from this 461 would leave the temper- 
ature by thermometric measurement to be 
581, showing an increase of temperature 
of 581—60, or 521 deg. F. The specific 
heat of air at a constant pressure is .237, 
or nearly a quarter of the specific heat of 
water. The weight of 1 cubic foot of air 
at 75 lbs. pressure is .456 lbs., the actual 
heat expended, then, in doubling the 
original cubic foot of air at 60 deg. F. is 
521, the temperature x.237, the specific 
heat x.457, the weight in lbs.—or 56.3 
B.T.U., or as nearly as possible, 12 per 
cent. of what it took in heat units to 
produce it in the first instance. Of course, 
we cannot expect to get a reheater that 
will give the full heat value of the coal, 
but it is quite reasonable to expect at 
least 70 per cent. efficiency from the coal, 
which can be easily got from a good 
steam boiler with suitable coal. This 
would work out at 20 per cent. of the 
original cost of the air to exactly double 
the volume—such a result as this could 
not be got at in actual practice. The tem- 
perature—-viz., 581 deg. F., is too high, 
and, again, it is not possible to produce 
air at 60 deg. F. without such a series of 
staging and inter-cooling that it would 
make the process of air compression too 
difficult. Anyhow, with two stage air 
compression air can be produced at 280 
deg. F. Suppose it is then reduced to 60 
deg. F. by transmission and storage, the 
loss incurred is 30 per cent., due to con- 
traction in volume. We would, therefore, 
require 50 per cent. of the original heat 
units to double the volume of the air. I 
do not mean to say that even such a good 
result as that could be obtained, but I 
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do say this, that it is the duty of all en- 
gineers to do their utmost to endeavor to 
get as near to it as possible and raise to 
its proper level the most natural source of 
energy that exists ip nature. 

The reheating of air also makes it pos- 
sible to use it expansively without fear of 
freezing up the exhaust ports; in fact, the 
temperature could be regulated to suit any 
reasonable cut-off, so that the tempera- 
ture would not fall below 32 deg. F. with- 
out reheating. With dry air two expan- 
sions are all that can be got, whilst with 
reheated air it is possible to get five and 
six expansions, more so if the air is well 
saturated. Reheating with steam has been 
used with very good results, and, where 
found convenient, steam should be always 
used with air. Suppose a steam reheater 
was used for a pump within a reasonable 
distance from where a rock drill was be- 
ing used, and the condensed steam was 
trapped, the trapped water would be led 
into a launder lying nearly level, so that 
the water would fill the launder. The air 
pipe leading to the drills is then immersed 
in the water, which would have a tem- 
perature of probably 140 deg. F. The air 
would have the same temperature as the 
water. Suppose ft was only 100 deg. F. 
when delivered at the drills, it would al- 
ways give a little help towards economy. 

In the matter of economy, both in gen- 
erating and in distributing compressed 
air, if proper care is exercised so that the 
machine is as nearly perfect as can be, 
the receivers and the pipe main perfectly 
free from leakage, with only one safety 
valve, no matter how many receivers there 
are on the distributing main, and that one 
safety valve fitted with a good strong 
siren that will make the attendant wish 
he had been more careful every time it 
blows off, the transmission of power by 
compressed air should be at the very least 
equal to any other method. Whilst com- 
pressed air has many disadvantages, it has 
also many advantages that other sources 
of energy have not got. For instance, in 
deep mining such as we will have in the 
Rand presently, when depths of 2,000 and 
3,000 ft. will be quite common, and tem- 
perature of between 90 deg. and 100 deg. 
F. compressed air will gain where elec- 
tricity would lose. First, the weight of air 
in the column will add to the pressure, 
not to a great extent, but probably quite 
enough to make up for what has been lost 
in friction; at a depth of 2,000 ft. with air 
at 80 lbs. pressure on the surface, there 
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would be a pressure of something like 
87% lbs. in the mine. Then, again, sup- 
posing the temperature of the atmosphere 
was 60 deg., and the temperature of the 
mine was 96 deg., at 3,000 ft. the air would 
be reheated 36 deg. F., showing a gain of 
about 4 per cent., the mine itself acting as 
a reheater. Thus it will be seen that for 
deep mining, where high temperature 
may be expected, compressed air will in- 
crease in economy, whilst, as I have al- 
ready endeavored to point out, other 
sources of energy would keep on losing 
and regain nothing. Although not yet in 
economy, yet in many other ways does 
compressed air appeal to the mechanical 
engineer; it is perfectly safe, accidents 
caused by compressed air are so very rare 
that they are practically unknown. Should 
an air pipe burst, no harm is done except 
the loss that is caused by leakage. As a 
proof of its growing popularity we have 
only to take up the advertisement columns 
of an engineering paper, and we find that 
the different appliances that are operated 
by compressed air are simply innumera- 
ble. We read about pneumatic painters, 
pneumatic cranes, and pneumatic so many 
differen things, that I could stand here for 
another hour doing nothing else but read- 
ing over a list of the different appliances 
that are operated by compressed air. In 
fact, it would seem that it is just begin- 
ning to dawn upon the engineering world 
that the greatest force in nature is the air 
we breathe when put into the proper 
form. And now that the first blush of 
electricity has worn off, and scientific men 
are looking for new fields of thought, I 
think I am safe in predicting that com- 
pressed air will come in for a consider- 
able amount of attention, and great de- 
velopments may be looked for ‘during the 
next few years. 





Driving Drift Pins with a New Device. 


An interesting labor-saving appliance 
which we describe and illustrate on cover, 
has lately been put into practical use by 
Mr. D. E.. Moran, M. E., of New York. 

The contractors for the new water 
works for the City of Cincinnati had to 
build a caisson 130 ft. in diam. x 3 ft. 
thick. The platform of this caisson was 
made of timber and required about 70,000 
drift pins I in. diam. x 30 in. long to make 
it rigid and to hold the timbers in posi- 
tion. Originally the work of driving the 
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drift pins was done by hand and it took 
a gang of three laborers, each paid $1.50 
per day, to drive 200 drifts per day. The 
holes for the drifts were drilled with several 
‘*Phoenix’”’ Pneumatic wood boring machines 
built by the C. H. Haeseler Co. of Phila- 
delphia, one of which is shown in operation 
on right hand side of cut. The depth of 
these drift pin holes was 34" by 4§" diame- 
ter or in other words 4” longer and ,)" 
smaller than the pins themselves. 

Mr. Moran, not satisfied with the prog- 
ress of the work, conceived the idea of 
using an Ingersoll-Sergeant rock drill to 
dispense with the manual labor of ham- 
mering. He mounted a 3% in. drill on 
a derrick, as shown on the illustration, 
The piston of the drill carried a hammer 
striking on an anvil, whose bottom was 
cupped and placed directly over the drift. 
By means of a double windlass the drill 
could either be raised or lowered and the 
total weight of the drill, with partial 
weight of the frame, would prevent any 
recoil when striking. The anvil being 
cupped at the bottom keeps the drill al- 
ways central above the drift and by means 
of this appliance he was able to drive an 
average of 800 drifts per day with three 
men, while only 200 could be driven by 
hand, this being done at the same expense 
with the exception of compressed air 
power for running the drill. The cost of 
the power, however, was insignificant, as 
the company building the caisson have 
several large air compressors used for 
other purposes. 

The frame supporting the drill being 
mounted on wheels, is easily moved from 
one drift pin hole to another, and we are 
informed that the total cost of the frame, 
with mountings above the original cost 
of the drill, did not exceed $75.00. Thus 
it will be seen that this simple method has 
not only saved the contractors about $2.00 
per 100 drifts to be driven, but that it has 
increased the capacity, or, in other words, 
decreased the time of building the caisson 
some 75 per cent. We are also informed 
that the drill did better work than that 
done by hand labor, as the drifts driven 
mechanically were never bent, while by 
hand driving they were very often bent 
and tops bruised and required considera- 
ble labor and loss of time for straighten- 
ing and final driving home. 
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Driving Pumps by Compressed Air. 
By William Cox. 


It is frequently desired to know in a sim- 
ple manner how many cubic feet of free air 
at a certain pressure would be necessary to 
pump a given quantity of water to a re- 
quired given height, without, for the time 
being, considering the sizes of the air and 
water cylinders or the piston speed. That 
this can be done, although not generally so 
supposed, and that by a very simple formu- 
la, will now be explained. 

FIRST :—Thevretically. 

Eq. (1) gives 

G=0'0408d? x p, 


whence 
"enn 
1 Sa Torres (11) 
Eq. (7) stands 
0°433h x d? 
i Ree coer (7) 


Inserting the value of d® as given in Eq. 
(11) in Eq. (7) we have 
D. 6, ee 5 . (12) 
™ P 0°0408p, 
Again, we have by Eq. (9) 
V=0'00§45D,,* x p,x We..... (9) 
From equations (12) and (9) we obtain 
0°433h x G 
P x 0.0408p, 
and by canceling and reducing 
hxG 
P 
the only quantities requiring to be known 
being 
h=the head in feet to which the 
water is to be pumped, 


G=the number of gallons of water 
to be pumped, and 


P=the pressure of the air to be used. 
SECOND :— With the various losses taken 
into account, as explained in the last article, 
Eq. (11) with 20 per cent. added gives 


V=0°'00545 xp, We 


V=0'05784 Wig cc cce ts CRS) 


a 120 . 
~ 0°0408 x 100 * Ps 
G 
plikalareialy ao 


= 0°034P, or 
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Eq. (7) with 15 per cent. added gives us 
o*5h x d? 


D,* p . same as...(8) 
Combining equations (14) and (8) we have 
, osh G 
D,° = > * (15 
< I Onsen, * io + 5) 


Again, equation (9) with 15 per cent. added 
gives us 
V=o0 0063D,° X Pg * We ..u(s0) 
aid by combining equations (15) and (16) 
we obtain 


: 0 5hxG 
V=0'00630 59 * > nx W, 
P x 0°034P, 
and by canceling and reducing 
. hxG ; 
V=0'093 ROM ao .5 is 9 OD 


P 
in which, as before, the only quantities re- 
quired to be known are 
h=the head in feet to which the 
water is to be pumped, 
G=the number of gallons of water 
to be pumped, and 
P=the pressure of the air to be used. 


Let us now take the example given in de- 
tail in the last article, and see how nearly 
the results agree. We have given 

h=8o feet, 

y=100 gallons, 

P=20 pounds, and 

W, for P=20 pounds= 2°36, 
we have therefore by Eq. (17) 

. 8o x 100 ; 

V=0'093 ar < 2°36 

$7°8 cubic feet of free air 

as against go cubic feet found previously. 
The slight difference is however explained 
and fully covered by two or three items be- 
ing taken in the former paper approximately 
such for instance as the diameter of the 
water cylinder, which is 5°4 inches by the 
formula, and not 5°5 inches, which was 
taken from the table, which allows a slight 
over-volume of delivery (3°42 gallons). 

The solution of the problem by this direct 
method therefore fully agrees with the step- 
by-step one, and for a preliminary study of 
any case which may arise, is very much 
simpler. 


If it be found that such a quantity of free 


air is available, other details required for 


making the installation a success, can now 
be obtained by means of equations (14) and 
(8), which give in a very simple manner the 
diameters of the water and air cylinders, 
based upon any suitable piston speed. 

Thus, by Eq. (14) and assuming a piston 
speed of 100 feet per minute, we have 

G 


» 


is 0°034P. 
100 
0'034 x 100 
29°41, and 
d=5"4 inches. 
Then by Eq (8) we have 


ID 2 o’5h x d? 
a P 
0°§5 x 80 x 29°4I 
20 
58°82, and 
D.,=7°67 inches. 


It is the writer’s opinion that equation 
(17) will be found exceedingly useful by 
mining and other engineers who may have 
to figure upon the use of compressed air for 
driving common pumps. 

Another question which will also be of 
interest, although it may sometimes be over- 
looked, is the question of power cost. As 
previously stated, high powers are not, when 
examined from this stand-point, recom- 
mended. 

‘The horse-power required by the air cylin- 
der of a compressor is 

0°7854d° » M,, Po 
Hat. cu sho) 


33000 
and the volume of free air compressed by 
the same is 


0.7554d° Ps 


144 


-( 1g) 


The horse-power required therefore by 
the air cylinder to compress one cubic foot 
of free air is found by dividing Eq. (18) by 
Eq. (19) which gives 


oO 7854" y Mp Ps 144 


78542 « py x 33000 


~ 
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The following table gives the mean effec- 
tive resistance, or mean pressure Mp, to be 
overcome by the air cylinder piston to pro- 
duce various terminal pressures, * and the 
horse-power required by the air cylinder to 
compress one cubic foot of free air to the 
same terminal pressures, calculated from 
Eq. (20). 

TABLE II. 








Terminal 





ss seit Horse-power per 
Pressure Mean ee a foot of 

P free air. 
20 pounds, 14.4 pounds, 0.0628 
25 = 17.0% i 0.0743 
30 se 19.4 “* 0.0847 
35 ¥s 21.6 ay 0.0943 
4e Bs 23 66 ee 0.1033 
45 st 25.59 34 O.1117 
5° ss 27.39 - 0.1196 





Referring again to Eq. (17) we may trans- 
pose it and obtain 
ae 
h x G=\ 0-093 # 
and if we substitute for __P — the term 
0°093W, 
X, we have 
CAR RS so ova cnaeeeen SORE) 


The following table gives the values of 
We and o'093 We for different pressures, 
with the corresponding values of X. 


TABLE III. 








Pressure We | 0°093We X= P 
P | | 6.093We 

5 pounds, 1.34 0.12462 40.122 
10 - 1.68 0.15624 | 64.004 
15 = 2.02 0.18756 | 79.846 
20 " 2.36 0.21948 } QI.124 
25 a 2.70 0.25110 | 99.562 
30 “ 304 0.28272 | 106.324 
35 3.38 0.31434 111.344 
40 . 3.72 0.34596 | 115.620 
45 ad | 4.06 0.37758 | 119.180 
50 bic | 4.40 0.40920 | 122.190 


This table enables us to obtain in a very 
simple manner the volume of free air re- 
quired to pump any given quantity of water 
to any desired height. Thus, to continue 
the example already referred to, 

h x G=8o x 100=8coc, 
and dividing by X or 91 (omitting decimals) 
we have for 20 pounds pressure 


8000 ; ‘ 
V= =88 cubic feet of free air, 


gI 


- —* From “ Compressed Air,” by Frank Richards, 
A.S. M. E. 


vi 
oo 
N 


which is practically identical with the solu- 
tion already found by means of Eq. (17). 

If we now combine Tables II and III, we 
obtain the following one, which will be often 
found useful: 





TABLE IV. 





vxx | 
P . 

=hxG-| ba ~— 
gt12 | 20 pounds, | roo cub. ft. 6.28 
9956 | 25 “ ry “ 7.43 
10632 | 30 a - = 8.47 
rise |) 3S. ~  S 9-43 
11562 | 40 - = se 10.33 
11918 45 _ - ” 13.17 
12219 | 50 ” a * 11.96 








Taking the previous example, we have, 
therefore, for the horse-power required by 
the air cylinder 

6°28 x 88 
100 

It has been stated that high pressures are 
not economical. Let us, therefore, work out 
the foregoing example with an assumed 
pressure of 40 pounds, so as to be able to 
judge of the altered conditions. 


We have therefore, in the first place, from 
Table III 





=5'53 horse-power. 


hxG_ 80x 100 
“ee. 
=69 cubic feet of free air. 
Now, by Table IV we have 
10°33 x 69 
100 
We see therefore, that although there is 
an economy of 88—69—18 cubic feet of free 
air to be compressed, yet the power-cost of 
doing the work is 7°13-5°53=1'6 horse- 
power greater. Other cases, if similarly 
worked out, would demonstrate the same 
fact. 
Formula (21) which is 
heG=V xx 





=7°13 horse-power. 


shows 

ist.—For a given pressure, the volume of 
free air required varies directly as 
hxG., 

2nd,—If the product of head into quan- 
tity of water isthe same in different 
cases, the pressure will vary cnverse- 
ly as the volume of free air required; 
or the volume of free air required 
will vary inversely as the pressure 
employed. 
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3rd.—For equal values of : = , the press- 
ure necessary will be the same. 

Thus if V=100, h=100 and G=100, then 
X=100, which is equivalent to a pressure 
of 25 pounds, as per table III. 

So also, if V=100, h=50 and G=200, 
X= also 100, and consequently as per same 
table the pressure required will likewise be 
25 pounds. 

I trust that it has been clearly shown that 
the volume of free air required and the 
power-cost can be ascertained without any 
reference to the sizes of the air and water 
cylinders, and that these are questions of 
detail to be afterwards considered in ac- 
cordance with the formulas given, when 
working out plans for an installation. 

Of course, the losses I have taken may 
vary from those stated, as much depends 
upon the pumps employed and the care used 
throughout in making the installation. The 
same method of treatment must, however, 
be followed in all cases. 

In connection with what I have already 
written, it may be desirable sometimes to 
ascertain in a ready manner the ratio which 
should exist between the air and water 
cylinders so that the best results may be 
obtained. Equation (8) supplies this infor- 
mation in the simplest form. It is 


» o'sh xd? 


a P 
from which we obtain by transposition 
D,*:d? EEAPEREREE” 0/0 <i 0:0:0 6M) 


or, to express it so that it may be easily 
memorized, 


Area of air cylinder is to area of water 
cylinder as half the head is to the pressure. 


or again, we have 
D,:d=4 Of Ed Se (23) 
that is, 


Diameter of the air cylinder is to the 
diameter of the water cylinder, as square 


root of half the head is to square root of 


the pressure. 
Taking the example already given, where 
h=8o feet, and P= 20 pounds. we have 
ihe :d? = 40:20 
é 


ae a | 
D,:d= 4/2: 4/1 
= 1°41 421 


It will be clear from what has been writ- 
ten in the first article that the FIRST point 
in every case to be carefully ascertained is 
the diameter of the water cylinder and the 
piston-speed, after which the required diam- 
eter of the air cylinder can be easily found 
by means of the above ratio-formula. 

The diameter of the water cylinder de- 
pends upon the quantity of water to be 
pumped per minute and the piston-speed ; 
or, in other words, the volumetric capacity 
of the water cylinder per minute is the sec- 
tional area of the cylinder multiplied by the 
length of stroke in inches, and the number 
of single strokes per minute. This product, 
which is the capacity in cubic inches, divided 
by 231, gives the capacity in U. S. gallons 
per minute. Reduced to its simplest form, 
this becomes as in Eq. (4) 


ae 


Pg 


d=5'4 | 


In the above example we assumed G=Ioo 
and p,= 100 feet per minute, so we have 


/ 100 


noes 4 100 


= §°4 inches 
Given then, d= 5°4 inches, clearly 


dx 42 
D.=- =— 
a V1 


or D,=54 x I°4I4 
= 7°64 inches, 


which agrees with the result already ob- 
tained, if in place of D,=5'5 as previously 
given, we take D,=5°4 inches as above. 
It should be remembered that the diameter 
5.5 inches was taken from table I, and is 
correct for Jo2 gallons, but a little too much 
for 100 gallons. Of course, cylinders are 
not made to decimal sizes, such as 5°4 
inches, but to fractional diameters as 5% 
inches. 


The following table gives the ratio of the 
diameter of the air cylinder to the diameter 
of the water cylinder for different heights to 
which the water is to be pumped, and for 
different air-pressures, the diameter of the 
water cylinder being taken throughout as 
I inch: 
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TABLE V. 
Ratios of diameter of air cylinder to 
diameter of water cylinder. 


| 


PRESSURES 


20 | 25 | 30 | 35 | 40 | 45 | S50 
LBS. LBS. LBS. LBS. LBS. LBS. LBS. 


HEIGHT, 
FEET 








50 1.12 | 1.00 | 0.91 | 0.84 | 0.79 | 0.74 | 0.71 
100 1.58 | 1.48 | 3.29 | 1.20 | 1.12 | 1.05 | 1.00 
125 2.90 | £088] 2.88.1 5.36 | 3.99 13,30]: 8.32 
150 1.94 | 1.73 | 1.58 | 1-45 | 1 37 | 1.29 | 1.22 
175 || 2.09 | 1.87 | 1.70 | 1.58 | 1.48 | 1.39 | 1.32 
200 2.24 | 2.00 | 1.82 | 1.69 | 1.58 | 1.49 | 1.41 
225 2.37 | 2.12 | 1.94 | 1-79 | 1.68 | 1.58 | 1.50 
250 2.50 | 2.24 | 2.05 | 1.90 | 3.77 | 1.67 | 3.58 
275 2.62 | 2.35 | 2.14 | 1.98 | 1.85 | 1.75 | 1.66 
300 2.74 | 2.45 | 2-24 | 2.07 | 3.94 | 3.82 | 2.73 
325 2.85 | 2.55 | 2.33 | 2-16 | 2.02 | 3.90 | 1.80 
350 2.96 | 2.64 | 2.42 | 2.24 | 2.09 | 1.97 | 1.87 
375 3-06 | 2.74 | 2.50 | 2-31 | 2.16 | 2.04 | 1.94 
400 3-16 | 2.83 | 2.58 | 2.39 | 2 23 | 2-11 | 2.00 
425 3:26 | 2.92 | 2.66 | 2-46 | 2.30 | 2.17 | 2.06 
450 || 3-35 | 3-00 | 2-74 | 9-53 | 2-37 | 2-24 | 9.18 
475 || 3-44 | 3-08 | 2.82 | 2.60 | 2.44 | 2-30 2.18 
500 || 3-53 | 3-16 | 2.89 | 2-67 | 2-50 | 2.36 | 2.24 

\ | | 


Ratios for intermediate heights and pressures 
may be obtained by interpolation. 


Example. 200 gallons of water to be pump- 
ed toa height of 125 feet, the air-pressure 
being 25 pounds. Piston-speed 100 feet 
per minute. 

We have in the first place 

Diameter water cylinder =5°4 [200 

7 ¥ 100 
=5°4x V 2=7°64 inches. 

Now, by table V, we find under 25 
pounds pressure, in line with 125 feet 
height, the ratio 1°58 to 1, so that the 
diameter of the air cylinder should be 

7°64 x 1°58=12'1 inches. 

In practice these two sizes will of course 
not be met with, so to secure the pumping 
of the required quantity of water we may 
safely select a pump with an 8-inch water 
cylinder. Then, according to the ratio of 
1°58 to 10, we should have an air cylinder 
of 8 x 1°58=12°64 inches diameter. If a 13- 
inch cylinder could be had, it would about 
fill the requirements ; but as such a combina- 
tion is hardly likely to be met with, we 
should probably have to take a 12 inch, and 
try to force the air-pressure up to 28 pounds, 
which is about the interpolated value by the 
table for a ratio of 1°50 to 1°0, or 12 to 8 
inches, 

By following as near as can be the ratios 
set forth in table V, and slightly adjusting 
piston-speed and air-pressure so as to coun- 
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terbalance any slight variation of diameters 
of the cylinders, water may be pumped in 
any quantity to any height, with the least 
volume of free-air possible, in accordance 
with Eq. (17). Common pumps may then 
do their work economically (relatively), and 
compressed-air will be looked upon as a 
valuable and not a wasteful agent. To re- 
peat an old saying, Use, but do not abuse. 
Of course, if the pumps are of the best, and 
in good condition, the various losses may 
be slightly reduced, and somewhat more 
favorable results may be obtained. 
Example. It is required to raise 200 gallons 
of water per minute to a height of 125 feet, 
the maximum air-pressure being 30 pounds. 

The quantity of water being considerable, 
and requiring necessarily a fair sized cylinder, 
let us assume a piston-speed of 120 feet per 
minute. 

We have in the first place by Eq. (4) 


/G 
d=5'4, 
54 


200 6 bal 
=0° inches, 
120 97 


=5°4 4’ 
Now, by table V, we see that for 30 
pounds pressure and a height of 125 feet, 
the ratio of the cylinders is 1°45 to 1°, 
which gives for the air cylinder 10°1 inches, 
or say 10 inches for the air cylinder and 7 
inches for the water cylinder. 
We then have for the volume of free-air 
required, by Eq. (10) 
V=0'0063D,,* xp.x We 
= 0'0963 x 100 x 129 x 3°04 
= 229'8 cubic feet. 
To verify this result, and to see how near 
it approaches the ideal, we have by Eq. (17) 


hxG 
V'=0'093—— xW, 


125 x 200 

=0°093——— x 3°04 
30 
=235 cubic feet. 

Allowing for the decimals in the different 
equations, we see that the results obtained 
by the two methods substantially agree. 
We may, therefore, say that for the case 
under consideration a better combination 
could scarcely be had than that found as 
above, namely 1o by 7 inch cylinders, 30 
pounds air-pressure, and 120 feet piston- 
speed. 





585 COMPRESSED AIR. 


Diwring Fumfis by Comprstt Clie. * 
—_— g 
Mable “- Gong dhe evlame ice ae, at fittdsires of 20 be 50 founds, teguucd lo frum 
Wy ben frantly o wnlic ae nughl, welt le wutsficndin hose frowet ugeuted 

















at -grendet & de lhe bork Comfitcld & Aillanr box 
heG [2220 P . 25 ths P. 30 ths P. 35 th - Pago thy P.45 ths P . 50 ths huG 
eee Ge BS ee a B'S 
Sec 5. bb 0.34 5 1s 0.42 . St Cus &.by] Cus hub] 0. 5c %.33] Osa 22] 0 St Ser 
cer W392 0.75 IC 36 0.8% 4-74] oqo q.a8 o-gt S.qa} ten 8 bb lob Dee] 8 12 1ocr 
iSsec ibs 107 15. Sy 1.26 14.58) 1.35 t3.qa 1. ey 3.398) 651 12.44 1.59 i2.bb] 1.68 'Soc~ 
dere] f2.by} st fop2} bbs] ig.byl 6 80] 18.66) tga 17-84] 2.02 17.92 | 2.12 6.98] 2.24] 200c 


<See 2930) Lge] 425.q0) 2.00} 24.30) 2.25] Sato] 2.40 22. 2.62 205) 2.65] 21ic] 2.80] 250r 
Sere 33.gt 2.34] Slov] 252] 2qib} 270 2754] 2.88 2b.}b| 3.03 25.48] 3.18 | 25.32] 3.96] 3000 
sSer}  3q.ba) 293] 362b) 2.44] 34.02) 3.15 32.48] 3.36 3ha2] 3.53 ] Jodi] 3.71 24.54) 3.q2] 3500 
More] 45.28) SLT ible] 336 | 38.88] db] 32u) 3264 | 35.08] you | du.th| way | 33 7b) 48h 00 
4Soc 50.g4 IF &b.b2 | 3.78 43.4) os ht.7b 4a 40-14] Sy 96.4) #7] 37-48] 5.0% 4500 
Soce Sb.be 3.goq S180) 4.20 8.bc] 4.so] hyo] 4.6e hu.bol S.05° bso] 5.30 42.20] be Soo 
S500} b2.2b 4.24 Sbqs ba] Sdnb] g.qs] Si.oyl S28 4q.0b) 6.55 47.63} 5.83 bua b.1b 5500 
bree} pga} 4.68} baib] Soul S832] suo] sobs] 7b] 53.02] bot Tigh} b3b | So.by) b72 4 bove 
6sr- pss] 5.07 67.3%) Subp bis] sss] bes2|’ b.24 5}45| ose] shaq) 6.84 |] 8b] 7.28] bs00 
ene 7424] Sub] 72s2] Sse 68.04), b30 64.96] 6.72 b2.4y! 17 bo.ba 7) 42 54.08} 7.8% poor 
=Sor Seago} S85] 77-70) bse 72-40 6.95 64.66 }-2 bbge 17 by.45 7-45 $330] 8.40] 7500 
sero 4e.sb b.24} 82.88) b72 T17!| 7:20] ete] 7-68 pesb | 8.087 by2s] 8.u8 6.52) 5.qb] S000 
SSeo} ghar) bbs | 55.06] 7.4] $2.62] 7.65 7848] 616 | 72) 6.581 pb] gor equ] q.sa] 5500- 
$8341 100,— —bsq G'S) 7-42] 85.86) 7.45] $1.48) 84s] 78.80 8.q2} bso] 4.36] 4.55 q-4o | 8834 
qerr yt ie1.88) 7.02 43.24 750 | $748] 8.10 $362) 8.by 80.25 4.04 T4494 4b] 1o.08 . yeor 
qser | WS] HIE q8ut] 7.q8] Gacy] sss] sib} gia m]] 45q] 8227] 10.07) S18] toby] gsor 
5.13 qos} 8.64] 89.58] 4.27] 8.10 4-75 | $9-5q| 10.23 | 81. yb] 10.81 | g.bs2 
10 113.20 7: 8¢ 103.6 | 5.40 4]: 2°] 9.00 q2.80|  4.bo 89.20} 10.10 5b be 10. bo %.40) 11.20 | icooe f 
W288) tb2b| $.02 | tobss| Sibu | tov. | _g.as 95%]| 4-88] 4477] 90.39 | 84.04 to.gi | 86.83] 1.52 | Wass 
Hoye] 21.98] 8.4o} tz GOS | lou) 4-70 | Soo) 10.34) gb} toss] gs.da] 4a Go-4F| 12.07 | 10776 
M218} (26.4q] 8.75 | 1b. | gun 408-47) (Oto | toycy) 10:77 | boo. | 1.32 | 47-04) 1.8q | quy.b2| 12.56] vais 
"5i) 30.9} 4.c% Hg.b3 4-Jo | 2.24] 10.34 1) it N.0q | 103.00) 1.06 | too.- | 12.24 G7-4e | 12.93 "Se7 
M847] (34 | q.2y | 12298 4-95 | 15.17 | 10.66 | toq.qs N37 105. bg H.gb | to2.b1) 12.56 | too. - 13.23} 1847 
125001 ty1. 50 4: 129,50) 10.5 121.50] Was f ttb. co 12.0 WhSo | 12.62] tos.as | 13.25 | 105.50) y.o | user 
'Sooe} tbq.¢ | wu. Je | tSS.m] 12.6 WS.6 | 19.50 F 134.2 Nieite | 133.8 SiS | 124.q0 1S.go | lab. b | 16.8 IS 0e0 
1] Seo] 148.4 | 13. bs} 181.3 "4-7 ret | 696 tba.y | tbs | 1ste 17-68 | IS1.55 | 18.55 "47.7 14.6 | 1) S00 
soov0] 2264 | 15.b0 aoy-2 1b.S | 1944.4 | (8.00 | 185.6 | tq.2 175% | 20.20 | 193.20] 21.20 | 168.8 | 22.4 | socve~ 
22500 254-7 4-55 | 233.5 18.q 215.7 fais | 208.8 | 21.6 200.) 22.]2 194. 65 | 23.85 | 184.q | 26.2 | 42S00 
2S evel 263.0 | 1g.50) 25G0 | 21.0 | 243.0 | 22.50 | 232.0 | 24.0 | 223.0 | as.as | 2b se| 26.50 2.0 | 28.0 | 25000 
27 Se) 3003 | 24s 254.g asi aby onal bl 255.2 | 2b.y | 2u5.3 27-78 | 408.6 24:8 | 232.1] 30.8 2) S00 
30 om} 339.6 | 23.4e] 310.8 | 25.2 2qi.b 2]-00 $278.4 | 28.8 | 267.6 | 30.30 — 3. 86 | 253.2] 33.6 | s0cee 
92500} 367.4 | 25.35 436.7 | 27-3 S1SG | 24.AF | 301-6 | 31.2 | 28G.¢ | 32.82 |281.45] Meus] 274.3] 36.4 | szs00 
35000} 346.2 | 27.30 | 3b2.b 24.4 | 340.2 | 31-50 | 324.8 | 33.6 | 312.2] 35:35 | 303.10 3). 0 [2qS. 4) 34.2 | 35000 
97500) 424.5 | 24.25 | 358.5 | 31.5 | 3by.5 93.75 | 348.0 | dbo | 3394.5) 37.88 | 324.75] 24.76] 316.5] 42.0 3] Soe 
400m 452.8 | 31.20 | yiy.y | 33.6 | 358.8 | 36.00 3712 | 384 356.8] 40.40 | 3ub.uo] 42.K0 237 6 | 44.8 | Kocoe 
42 Soo] S14 33.15 | &KO.3 35-7 wt3.4 38.25 344 & | 40-6 $74 ‘ 42.q2 3b3.05| ys.os) 356 7 4). kaSco 
4Sove] S0q-4 | 35.10 | ubb2 9}: 8 43-4 40.50 4!) 6 | 4&2 Holy | SKS 384.70 47-70 | 3794-8 | 50.4 4 Soc 
4) Sor 537.7 37-05 4q2.1 99-4 4615 W295 | Guo. 8 4S.b 423.7 47.98 | 4-35) 50.35 | oo 4 S32 4) Soo 
Soovo} Sbb.c | 34.00 | S18.0-| 42.0] k8be | usoo | yby.c | 48.6 | 4ubo| 50.50 | 439.00] 53.00 | yaa.c| sb.c | Sooce 
$2 50» 544-3 HOGS 543.g 44.t | 510.3 47.25 487.2 50.4% 4bb3 | 53.02 | usy.bs| So.bs | yar. | 58.5 S2S500 
Sov | b22.6 42.qo } 569.8) 4b2 | 534.b | 4q.so] Stay | 52.6 | 4qob| 55.55 | 47b30| £8.30] yoy.2| 61.6 | sscer 
S] S00 bs0.4 ky ss i] 48.3 | 5569 | 5.95 | 533. 6 | ss2 Si2.q | £6.08 4a-45 bo.gs | 455-3] by. $1 S¢0 
SoH | 5882 | 4.00 | Ssb.s | 526 | 595-2 | bebo | Sig.be| babe | Seb.u| b7.2 | boooo 
b2500 T°7O | #848 | 47.5 | Sos boys sb.25] 580.0 | baie 557-5 63.12 | euras| bb.as $2). ? 0 | base 

































































* Copyright 1898. All rights reserved. 
















































































COMPRESSED AIR. 586 
Ywwiny Hurifis by OClmnfirtsstd Cw. —(Continued,) 
; y - 
Able : nn he volume Fw an, al fittesurtes of 20 Ge SO feunds, teguaud lo furft 
ay gover Jan S: talc lo any heght, wilh te auc ficndss howe Secure Meguucd 
GY &e OA -ylinde & ao the broek: Ciniftclad by Arlliane box. 
“A y - 
heG LPs 20 th P25 ths P. 30 ths P = 35 the Pao lbs Paid thy. P. 50 ths hxG 
i a H-P | VV H-P ve H-P Vv jit . hs H-P ia WP | Vv 1-P eee 
bs ov} yas.s| soqo] by3.4| 54.6 | b31.8 | S850] baa] b24 | 574.8 | bsbs| 562.4) bs.qo| 5486) 72-8 | bsoee 
67 Sto poe | 52.65 bqq-3 56.7 656.1 boos b2b64 | 64.5 | bo02.1| b6.18 | 564.5 755 564-7 7e6 67 Sox 
jeore) 742-4] 5m bo} 725.2] 58.6 | bs04| b3.00} byq.b| v7.2 b24.4 e72| bob.2| 420] 540-8) 76.4 | E06 
[esr] $20.7 | 5b.55] 751.1 be.g Je] bs.25| 672.8) bg.b byb. 73-22] b27.8| 76.55 big) $1.2 Dada 
750ve} 844.0] 58.50] 7776 b3.¢ | 72q.0| 67-50] bqbo| 720 bbg.c| 75:95) b4g.s| 74.50] 633.0) 4.0 | S000 
7700} 87)-3 | bous} Se2.g) bs1 | 753.3) bg.75] 1G) [4 bqi.3| 78.25) bytr} 2.15} b541| 86.6 | 7) Ser 
So ove} qos.b| ba.no} 525.8) by.2 nr 200) 742-4 76-8 1!3.6| 80.80 bq2.8| 84.»0 675.2 84.6 | So 000 
$2500] 433.4 | by.35 | 854.7 | by.3 | Borg | pH26 765.6 14+ | 7354 83.32 | Die] 8D mS bbs 2-4 | 82500 
SF ovo} gbr.2 bb.s0 | 880.6 7 $26.2 76.50 789-8 51.6 582 $5.85] 736.1 gor) 7") | 952 55000 
5] Seo} qqe.s 68.5 qob.s 73.5 | 850.5 | Er $12.0) 84.0} 780.5 | $8.38 PTI gas 75-8 qBc 5) 50c- 
qoevo|O18.8 | 70.20} 432.4 pee 874-8 | Bi.oo}| 835.2 86.4] $02.8 qe.ge 14+ G5. 407 799-6 100.8 | qccor 
G2 Soo | 1o4?).! ps 458.3 7117 3qq.4 | $3.25 | $56.4 | 88.8 825.1 go-42. SOc qs.os 7 80. 103.6 q2 suo 
Gscvr) (075.4 | T4.le | 484.2 | 79.8 423.4 | 85.50 881. b Gi.2 | 84).4) go.gs | $22.7] | 10070) sors i0b.4 Grave 
q]ser | 1403.7 76.05 1010.5 sig 44-7 8). Go. qs.b 869.7 45-48 BH4.3 | 103.35 $22.4 109.2 | 47500 
Weooec) 1132.0 | 78.00) 103bo | 54.0 472-7 | qoo0} 428.0 | gb.o} 942.0) 1010 86.0} 1obor} $44.0] 112.0 | 100 ovo 
125000] 1yIs | GF 1245.0 los. | 1215 | 112.5 | iiboe | l2c.0] ttIS | 426.2 $1082.5 | 132.5 | toss | yoo | i250 
\Soo0e 1bqs | 117-0 | 1ST t2b.c | 1455 195.0 | 13q2 MeO} 1336 | IST P129G.0 | I5G.0 | 12bb | 166.0} iscoor 
HySo0e) 1981 | 130.5 | 1813 | os BO ol or 1b2y | 1bs.o} 1561 116.8 J ITISS | 135.5 “7] (qb.o | 17500 
2ovove) 22by4 | Sho 2072 pore 1G ie | !en@ 18s5b | 142.07 178% | 202.0%) 1732.0) 212.07 1688 | 224.¢] 200000 
QYonreclions.- Multiply The gellens of wala. lo he cacsed fier wrenwule 4 hha he Ahe- ore feee— 
Za tohuch We wale cle be taced Cfpfeostle Thies fcdu cl wn the fas fad Ca OLeomnns, 


headed fx GQ, find andu Le defeunt ficrtuted he cube 


hi hore - howe teguuicad 


/* Pramts z . 


Improvements in Pneumatic Caissons, Air 


Locks and Shafts. 


Within the past two years Mr. John F. 
©’ Rourke has made a number of impor 
tant improvements in sinking pneumatic 
caissons, the main objects in the inven 
tions relating principally to the method 
of swinging the gates in the air lock and 
to certain safety devices. To be more 
specific, his improvements relate to both 
the caisson shaft and the air lock. In the 
former of these means were provided in 
the side wall of the shaft for a series of 
transverse slots, arranged one above an- 
other, as seen in Fig. 2, forming a ladder, 
thereby affording a means of obtaining 
access to the air chamber, independent 
of the bucket, and also providing a means 
of escape if necessary. Inasmuch as the 
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move up and down, it is necessary to pro- 
vide an unobstructed interior and leave 
the walls practically plain, so that noth- 
ing can interfere with the movement of 
the bucket and thereby cause damage or 
accident. It will be noted, therefore, that 
this part of the invention is principally 
for the purpose of providing a shaft with 
a ready means of ascent or descent for 
the workmen. An air seal for the slots, 
whereby the escape of air from the shaft 
is prevented, is also included in the inven- 
tion. 

The improvements in the air locks are 
intended to provide a comparatively sim- 
ple lock, with gates at the upper and 
lower ends, which make air tight clos- 
ures, and also work quickly and with cer- 
tainty. The most important modification 
in the recent designs lies in the method of 
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hanging the doors, so as to cause their 
ready separation by means of a lever and 
counterbalance, as shown in the accom- 
panying illustrations. 

The side elevation, Fig. 2, shows the 
air lock at the top, below which is the 
elevator or air shaft, with the ladder, as 
shown, and at the extreme lower part 
is the air chamber. The openings, M and 

















Fic. 1.—O’ROURKE’S AIR LOCK AND CAISSON 
IN POSITION. 


N, are, respectively, for the air pipe and 
the whistle connection, as shown in the 
engraving, Fig. 1. The other illustra- 
tions give the details of the internal ar- 
rangement. The different views are so 
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lettered that a reference to any part on 
one corresponds equally well to the same 
apparatus, as designated by the same let- 
ter in all of the views. 

Referring to Figs. 3 and 4, the upper 
swinging gates, A and A’, turn about the 
center, O, being counterweighted by V 
and W. These are worked by the handle, 
L, both gates swinging on the centers D 
and H. 

When the upper gates have been moved 
to the open position, so as to come at 
rest on the lugs, B and B’, the buckets 
can be moved in or out of the air cham- 
ber. The meeting edges of these, as well 
as the lower gates, are packed with rub- 
ber tongues, so as to make air-tight clos- 
ures. he lower swinging gates are 
worked in the same manner, being opened 
and closed by the lever L’, and counter- 
weighted by W* V’*. 

The successive operations are as fol- 
lows: The bucket is lowered into the air 
lock, the upper gates being open and 
the lower ones closed. The upper ones 
are then closed and air is admitted from 
the air shaft until the pressure equals the 
pressure in the air chamber. The lower 
gates are then opened and the bucket de- 
scends into the shaft and finally into the 
air chamber. 

Fig. 5 is a part sectional view showing 
the roof of the caisson, the levers, coun- 
terweight and other devices. Q is a three- 
way valve, which serves three purposes: 
First, it permits air to escape from the air 
lock; second, it equalizes the pressures 
in the air chamber and the air lock, and, 
third, prevents the escape of air from 
either. It is regulated by means of the 
contact wheels Y and Z, which in turn 
are moved by connecting with the handle 
L by means of a rod not shown in the 
drawings. When the upper gates are 
closed the motion of the lever simulta- 
neously closes the air exhaust from the 
air lock and makes connection with the 
air chamber below, thus equalizing the 
pressure in the two chambers. A thumb 
latch locks these doors in both the open 
and in the closed positions. The ar- 
rangement of the lower swinging gates 
prevents their movement until the pres- 
sures in the upper and lower chambers 
have been equalized. Air is exhausted 
from the air lock by a 3-in. pipe, using 
the same valve shown in Fig. 4. 

The air lock is 5 ft. in diameter by 7 ft. 
in height. The diameter of the caissons 
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used for the dwelling referred to was 6 
ft. 7% in., which is one of the smallest 
sizes that has yet been built under such 
difficult conditions, where so much blast- 
ing and rock excavation was required. 

One of the most important improve- 
ments in the construction of the caisson 
is in the use of wood instead of steel for 
the outside shell. The lower sectional 
view, Fig. 2, gives a general notion of 
the way that the caisson is made. Yel- 
low pine sticks 3% in. in thickness, about 
6 in. in width and 9g to 11 ft. long, are 
carefully put together, as shown in the 
drawing. This construction is as strong 
as the steel caisson, and is more durable. 
The wood is painted and then given a 
coating of tar before it is put in place. The 
engraving, Fig. 1, shows the first section 
of the caisson being put in place. It is 
weighted by means of pig iron, the weight 
resting on the roof, and as the cofferdam 
sinks it is necessary to keep adding 
weight until as much as 50 tons may be 
required. As the caisson descends the 
air lock is removed and sections are add- 
ed to the air shaft, keeping the air lock 
above ground at all times. The wood 
construction for the caissons in place of 
the steel usually employed makes it pos- 
sible to tell with certainty about how long 
it will take to make the foundations. 
Where steel is used the contractor may 
be delayed for months before he can 
have his order filled at the rolling mills. 
The cost also of the wooden caisson is 
somewhat less, but the great importance 
lies in the saving of time. 

The pressure is very low at the begin- 
ning of the work, but is gradually in- 
creased as required, a sufficient amount 
being kept in the lower chamber to keep 
out the water. 

These caissons, as improved, have re- 
cently been successfully used in making 
the foundations which have just been 
completed at No. 11 East Sixty-second 
Street, New York City, and the engrav- 
ing, Fig. 1, gives a general idea of the 
method of working at that place. The 
foundations referred to have been made 
for the dwelling of Mrs. Elliot F. Shep- 
ard, and this is the only private house for 
which pneumatic caissons have been used. 
Before the solid rock was reached the 
caissons were forced through rock fill, 
then mud and clay, and finally through 
hard pan and boulders. 


588 


The architects of this building are 
Messrs. Haydel & Shepard, of New York. 
The consulting engineer is Mr. George 
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FIG. 2. 


Hill, M. Am. Soc. C. E., and the engi- 
neer and contractor is Mr. John F. 
O’Rourke.—Railroad Gazette. 
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F1G. 5.—Top VIEW AND SECTION. 


Compressed Air Riveting Plant. 





An interesting application of the use of 
compressed air may be seen a short distance 
out from the Erie Railroad depot at Jersey 
City. The Erie Railroad is elevating its 
tracks through the city, and at every street 
crossing there is an iron bridge. The work 
of riveting these bridges until recently has 
been done by hand, with the usual results 
that a gang of two men and two boys will 
drive on an average of 300 rivets a day of 
ten hours. The rivets to be driven are 
five-eighths inch and seven-eighths inch 
diameter. 

A compressed air riveting plant has now 
been substituted for the hand riveters with 
the result that one man and three boys are 
driving 1,200 five-eighths inch and 1,000 
seven-eighths inch rivets a day, with less 
effort and in a much more satisfactory man- 
ner. ; 

The plant has now been in operation 
about one month, and so far has proved to 


be reliable and entirely satisfactory. It con- 
sists of a Fairbanks-Morse direct connected 
gasoline, engine air compressor of 12 
B.H.P., capable of delivering 70 cu. ft. of 
free air at So lbs. pressure per minute. The 
compressor is mounted in a box car, to- 
gether with the water-cooling tank, fuel 
supply and air receiver. The car is drawn 
up ona side track near the work and the 
hose carried up on the structure. This 
arrangement is clearly shown in engraving. 
The car will be seen at the left in the cut, 
while the men at work with the pneumatic 
riveters are in the foreground. 

The compressor is fitted with an auto- 
matic unloading device which opens the air 
cylinder exhaust to the atmosphere when 
the receiver has reached the required pres- 
sure; the engine governor then acts and 
cuts down the fuel supply, the speed of the 
engine remaining constant. 

The pneumatic riveters used are those of 
the Chicago Pneumatic Tool Co, They are 
somewhat larger than the usual hammers 
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and are designed to set up seven-eighths and 
one-inch rivets. The air used in one of 
these hammers is 25 cu. ft. per minute. 
There is also at work a Chicago piston 
pneumatic drill with which the holes are 
reamed out true before the rivet is inserted. 
This drill works very rapidly, and one man 
readily replaces four men using the old drift 
pin method of aligning holes. 
It will be seen from the foregoing that the 
seventy-foot compressor plant here used will 
: handle two of the large riveters and one drill. 


H. K. Porter & Co. have sent us a 
copy of catalogue showing “Light Loco- 
motives.” In it is illustrated compressed 
air locomotives, designed for use in 
mines, street railways and for other pur- 
poses. This company has made impor- 
tant advances in this line of compressed 
air work, and the catalogue is a valuable 
one for those who have need of it. 


The Argonaut is the title of a hand- 
some pamphlet issued by the Lake 
Submarine Co., New York. it is the de- 





RIVETING ON BRIDGE ERIE R. R, ELEVATION. 
AIR COMPRESSOR IN Box CAR TO THE 


The fuel cost of delivering 70 feet of free 
air per minute at 80 lbs is approximately 12 
cents per hour. The gasoline used is what 
is known as 74° common stove gasoline. 





Catalogues and Circulars. 


The Merrill Pneumatic Pump Company 
of 141 Broadway, New York, have issued 
an Advance Circular showing in detail 
the construction and operation of the 
Merrill Pneumatic Pump, It is a dis- 
placement pump, utilizing compressed 
air from any convenient source of gener- 
ation, for elevating moderate and large 
quantities of water. The circular is well 
printed and contains excellent engravings 
showing the various methods of pump- 
ing by this system. 


POWER OBTAINED FROM GASOLINE 

LEFT, 

scription and illustration of the submarine 
boat bearing that name. This boat is de 
signed not only for warfare, but has prac 
tical commercial uses, such as wrecking 
sunken vessels, submarine exploration, 
laying submarine foundations for piers, 
docks, breakwaters, etc. In operation it 
is similar to the Holland boat, using com 
pressed air for various purposes, indis- 
pensable to her existence. 

The Q. & C. Co., Chicago and New 
York, have provided us with a catalogue 
showing the valveless pneumatic tools 
manufactured and sold by them. 





We have inquiries for the March, 1897, 
number of ‘COMPRESSED AIR.” If any 
of our readers have one or more copies to 
spare we will remit ten cents for each copy. 
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ALPHABETICAL LIST OF PNEUMATIC INVENTIONS. 


For which United States patents have been granted. Prepared for COMPRESSED AIR from official 
records by GRAFTON L. McGILL. 
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a PERORNR Aw rkSsw. aNeess ...| Martin..... ..........] Sept. 30, 1890 | 437,218 
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PATENTS GRANTED DEC., 1898. 


Specially prepared for COMPRESSED AIR from the 
Patent Office files by Grafton I,. McGill, 
Washington. D, C. 


615,326.—Air Brake. J. F. Voorhees, Phila- 
delphia, Pa. 

This invention embraces a continuous au- 
tomatic brake, its object being to enable 
energy to be stored at each car to apply 
the brakes with an amount of force propor- 
tionate to the resistance to their action, 
without such stored energy exceeding a 
specific amount, unless determined by the 
engineer, and then only in such quantities 
as will prevent the wheels from sliding. 
The quick-acting relief valve is connected 
lirectly to the brake cyclinder, spring- 
valved mechanism being provided where- 
by the engineer may regulate the maximum 
load of the relief valve. 


615.440.—Pneumatic Dry Dock. CC. N. Dut- 

ton, New York, N. Y. 

A movable docking member has a down- 
wardly-decreasing open-bottomed air cham- 
ber. A working deck, adapted to receive a 
vessel and its supports, has its air chamber 
connected by valve-controlled air conduits 
to the open-bottomed air chamber of a mbdy- 
able balance member. -arallel racks are 
arranged on the docking member and upon 
fixed supports, while synchronizing shafts 
carry pinions meshing with the parallel 
racks. On the adjacent ends of the sec- 
tions of the shafts are couplings, whereby 
the sections of the docking members may 
be operated either independently for ddck- 
ing two small vessels or as a unit for dock- 
ing a large vessel. 


615,668.—Alternating Air Pressure System 

W. H. Barr, Wichita, Kansas. 

A cylinder, having a central partition 
therein, is provided with lugs on its sides 
Supporting rods are passed through the 
lugs, whereby the cylinder is adapted to 
reciprocate upon them. An air pipe enters 
each end of the cylinder, means being pro- 
vided for alternately supplying air thereto, 
while a driving arm is secured to the cylin 
der for. transmitting power. 


615.717.—Pneumatic Gas Lighter. Ewald 

Knapp, Assignor, Cologne, Germany. 

This invention consists of a gas-tight 
box, the interior of which is in direct com 
munication with the gas conduits, but sep 
arated from the burner by a_ perforated 
plug, the latter having a disk closely fit- 
ting over its surface and pivoted in its 
centre. The disk is also perforated and is 
formed with a toothed edge. with which is 
designed to engage a pawl carried by a pli- 
able strip. An inflatable bag is arranged 
to bear against the said strip, and commu- 
nicates by means of a tube with a bulb, by 
contracting which latter the inflatable bag 
will cause the pawl to turn the disc. 


616,288.—Air Brake. M. Corrington, New 

York, N. Y. 

An emergency or vent valve is provided 
for venting the air from the train pipe A 
passage is controlled by said valve and 
leads by one branch to the atmosphere and 
by another to the brake eylinder. In the 
former branch is located a secondary valye, 
while a piston chamber forms part of the 
branch to the brake. cylinder, thus accom- 
modating a piston for opening the second- 
ary valve upon opening the vent valve. 
When the train-pipe pressure falls to a pre- 
letermined point the piston and secondary 
valve are returned to their normal posi- 
tions, 
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$ COMPRESSED AIR TOOLS. 


: 
Pneumatic Motor Hoists, Dritts, . § 
; 
‘ 


~ 
aie Reamers, Tappers, Crane Motors, 
Center GRINDERS, ETC., ETC. ..... 


DRILLS MADE IN FOLLOWING SIZES : 


a te SoS ue on plist ee te 104 the: 
0 extra at ui i es FO Poe 15 Ibs. 


PNEUMATIC MOTOR HOISTS. 


OISTS IN THE FOLLOWING CAPACITIES. 
LASS A. Differential. 

1,500, 3,000, 5.000 and 10,000 Ibs. 
Length of Lift per minute 10 to 13 feet. 
CLASS B. Quick Acting Friction Brake. 


800, 1,500 and 2,500 lbs. 
Length of Lift per minute 28 to 36 feet. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: —~_ORANGEBURGH, N. 
CORRESPONDENCE SOLICITED. 
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COMPRESSED AIR PRODUCTION ; 


or, 


The Theory and Practice of Air Compression, 


By W. L. SAUNDERS. 


M. Am. Soc, C. E. 
Bound in Cloth. Price, $3.00. 


This publication is a practical treatise on air compression. 
The subject matter was printed serially in sixteen numbers 
of “Compressed Air,” and the demand for back numbers 
containing the Articles was so great, it has been published 
in one handy volume. 

Rules, tables, and data of value to engineers. 

Mailed on receipt of price. 


COMPRESSED AIR, 
26 Cortlandt Street, 
New York. 


“ The subject is treated exhaustively, both from a his- 
torical and engineering standpoint. The information is of 
greatest value to all those interested in the compression of 
air.” 

Iron Age. 


“ Embraces a full and clear description of the conditions 
of economical air compression and of the various machines 
and devices employed for the purpose. The writer has the 
best facilities for acquiring the fullest information in this 


special line.” _ 
American Machinist. 
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The Stearns-Roger Manufacturmg Compan, 
CONSTRUCTING ENGINEERS. 


Chlorination Mills, Electric Plants 





| 2 ee | 
~_ Compressed Air Plants of any capacity. 
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Patented in the United States and Foreign Countries. 


ROGER’S IMPROVED CRUSHING ROLLS. 


“These Rolls have been running very satisfactorily and appear to us to be unquestionably 
the best type of roll yet devised. General Manager, 
MOLLIE GIBSON & A, J. MILLs, Aspen, Colorado.” E 


Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. | 
MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U. $. A. | 
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UNITED STATES METALLIC PACKING CO., 


PHILADELPHIA, PA. 





. 
; 
: 
. 
; 
; 
; 
- 
: 
: 
: 
: 
. 
; 
: 
: 
: 
: 
; 
: 
. 


Manufacturers of the most economical Air Tools in the 
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CHICAGO OFFICE: OFFICE AND WORKS; ; 
1003 MARQUETTE BUILDING. 427 NORTH [3th STREET. 


market, such as 

i PNEUMATIC HAMMERS, 

) - DRILLS, 

. TRACK SANDERS, 

: , BELL RINGERS. 

é Metallic Packing for All Kinds of Service. 
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Manufacturers of ...... 


Seamless Rolled Tubes_— 


Siemad for Gases, Com pressed 


Air, Ee 
Tested and approved by the 


Seeate of terope end UNDER HIGH PRESSURE. 
America. 


Each Tube is carefully tested, Representative : 
and a Government Test Cer- 


ang furnished with CHAS. Gc. ECKSTEIN, 
249 CENTRE STREET, - - NEW YORK. 
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BD Bad 


Established 
LSS3s. 


SDB ad 





C. & G CAPER Co) 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPoOuUND. 





TRIPLE EXPANSION. 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 
— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING. 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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NEW YORK OFFICE : 


122 LIBERTY STREET, Rooms 1005-1006, NEW YORK. 
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MANUFACTURERS OF 
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JPNEUMATIC HAMMERS _ 4 
PISTON AIR DRILLS. N | 
PNEUMATIC RIVETERS YY | 
CASTING CLEANERS . = @ 
AIR HOISTS. . . . wy | 


Sent on Ten Days Trial, Subject 1 to Approval. es es 





: All Machines Guaranteed Against Repairs for One Year. & ei ‘ 
\ 





— 
CASUAS 


OVER 200 IN USE IN THE UNITED STATES. Vf} 
OVER 80 IN EUROPE # & & ot na 
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REFERENCES FURNISHED UPON REQUEST. 
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TRIAL ORDERS SOLICITED. 

, 7 as 
Chicago Pneumatic Pool Co. & 
635 MONADNOCK BLOCK, - - CHICAGO, ILL. 
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. SURFACE 
“ CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. ain 





PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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G. WILFRED PEARCE, 
ised t. Officers of all Railroads 
(issUED QUARTERLY) THe POCKET LIST or 








Sa 00 pet annum. RAILROAD OFFICIALS | | ——aneatonl are and 
THE OFFICIAL Advertising rates on application. | | , 
RAILWAY EQUIPMENT puci®™7 22000 au, |¢ P| Compressed Air_ot_ 


REGISTER senger cars of the Railways aud Private Companies in 


the United States, Canada and Mexico. 
Subscription Price, 6.00 per annum. Single copies, $1.00, 
THE RAILWAY EQUIPMENT & PUBLICATION CO, 
24 Park Place, New York. 


| Apparatus vt vt ut 
St. Paul Building, 
New York. 
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Trimo Giant Pipe Wrench 


The strongest, safest and most 
durable Pipe Wrench in the 


(CE cece WOT. Made and adapted for 

= all kinds of work as well as 

SSE SE SS hard or rough usage. Send for 
catalogue of Trimo tools. 


TRIMONT MANUFACTURING CO., Roxbury, Mass. 
FOR SALE BY ALL JOBBERS. 
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| COMPRESSED AIR | 
| INSTALLATIONS... 


SUPERINTENDED. 


Railroad and Other Plants Equipped. 


» Compressed Air Transmission. 


of air power, devising means for their main- 
} tenance and supervising their installation. 
en yeats practical experience in build. 
ing and operating air motors. 
correspondence with street and suburban rail- 


motive power. 
‘ HENRY D. COOKE, 


I am prepared to report on engineering 
) questions connected with compressed air 
propositions in manufactories, contract work, { 
railroad machine shops and any other enter- 
prise that now uses hand or other power. § 
I make a specialty of enumerating the uses » 


I solicit 


way companies contemplating change of 


45 Broapway, N. Y. 
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(Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 
By FRANK RICHARDS. 
John Wiley & Sons, New York. 
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THE 


ENGINEERING 
MAGAZINE 


AN INDUSTRIAL REVIEW 


The Engineering Magazine has been aptly described as 
“ The feaery @ the industrial world and the Review of 
Reviews to eugineciing literature —the two in one.” Its 
leading articles treat the subjects uppermost in importance 
S «jm industrial affairs. Its contributors include the foremost 
» men of oyr.temes. It gives each month an. exhaustive 
Review and Index to the woild-wide ramge of technical 
% literature— American, English, French, and German. It 
%, istead in every nook and corner of the civilized world. It 

is founded upon the idea of meeting the requirements of the 
\ sy and brainy men who manage, think, and plan for the 
SS engineering. architectural, electrical, railroad, mining, and 

> mechanicrl industries. It has a larger bona-fide circu- 
% lation among such men than has ever been attained by an 

, en ing journal in all the history of industrial literature. 
% It is priceless to the active man who needs to keep in touch 
% with current developments. Its every page carries a living 
5 interest for intelligent readers who are in any way con- 
% cerned with modern industrial enterprises. Its subscnbers 
% are its warmest advocates and the Magazine itself is its 
™, best solicitor. Sample copy /ree. 


30 Cents a Number; $3.00 a Year. 


—— Liberty St., New-York, U.S. A. 
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By the 
ELF-TAUCHT study of the 
Manual of Phonography, by Benn Pitman 
and Jerome B. Howard. A perfect self-in- 
structor. Over 355,000 sold. Thousands 
have mastered it; so can you. Sold by all 
booksellers, or we will send with Phono- 
graphic Reader and Phonographic Copy Book, 
post-paid, for $1.25. Catalog and full infor- 
mation free to those who wish to investi- 

gate first. Send name on postal card. 

THE BENN PITMAN SYSTEM 
has for 44 years been the standard. Called 
by U.S. Bureau of Education “ The Amer- 
ican System.” First prize, World’s Fair. 

THE PHONOGRAPHIC INSTITUTE Co., 
222 W. 4th St., CINCINNATI, OHIO. 
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Searches as to Novelty ; Reports on Infringe- 
ments; Patent Matters Exclusively ; 15 years 
, E xperience. Refersto Publishers this Maga- 
zine. FRANKLAND JANNUS, 

7 

7 


Attorney-at-Law, Havemeyer Building, 26 

Cortlandt St.. New York City —Office in 

Washington, Atlantic Building. 

Always have Title Examined before Invest- 
ing in Patent Prope rty. 
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DIRECT CONNECTED. 
A NEw MACHINE & 


~<es—_SIMPLE, ECONOMICAL, DURABLE. 


SEND FOR CATALOGIE 
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FAIRBANKS, MORSE & CO., 


CHICAGO, ST. LOUIS, ST. PAUL, 
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: CLEVELAND LOUISVILLE, MINNEAPOLIS, 

: ¢ CINCINNATI, KANSAS CITY, DENVER, 

: INDIANAPOLIS, OMAHA, SAN FRANCISCO. 

' $ LOS ANGELES, PORTLAND, ORE. $ 
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~siegg BY Smaller Sized Air Compressors 
£2 we Call to mind the successful operation 


of various applications of Compressed Air 


The American Gas Furnace Co., Elizabeth, N. J., 
uses a class “EK” for shaping refractory 
material for furnace work. 

The Ilinois Trust and Savings Bank Building 
use a Class *‘ E”’ for operating the Shone Sys- 
tem of raising sewage and pneumatic dispatch 
tubes. The Compressor is driven by belt from 
electric motor 

L. L. Manring & Son, Plainfield, N. J., use a 
Class ‘“‘ E’’ tacked up on the wall for driving 
pneumatic tools for lettering on marble and 
granite. It isa convenient machine for these 
and similar works. 





Catalogue No. 32 
AIR COMPRESSORS—12 Standard Types and 
many special patterns. 

Catalogue No. 41 
ROCK DRILLS—Mines, Quarries, Tunnels, 
Contract Work, Good Roads. 

Catalogue No. 72 


POHLE AIR LIFT PUMP—Water. Works, Rail- 
roads, Factories, Irrigation, Etc. 


*eINGERSOLL-SERGEANT 2: 


Havemeyer Building, New York. 


CLAYTON AIR COMPRESSORS 














and every 





other 


purpose to 
which 


CLAYTON AIR COMPRESSOR WORKS, 
CATALOGUE, 26 Cortlandt Street, NEW YORK, 











